
Memorandum

To: Wayne Pickus, P.E.

From: John E. Newby, P.E., G.E.

Date: February 22, 2007

Subject: USG Plaster City Landfill Stability

A. Background
The stability of the Plaster City Gypsum Landfill cover was evaluated by CDM as part of the
design for the final cover of the landfill. The analysis and this report were conducted in
accordance with CIWMB requirements as noted in CCR Section 21750 (f) (5) Stability
Analysis.

B. Site Geolory and Seismicity
CDM (and its predecessor, AGI) have conducted engineering and environ:rrental studies at
the USG Plaster City facifity since the 1980's. The geology and hydrogeology of the landfill
were initially evaluated by AGI in 1987-1988 and presented tn SolidWastc As*ssmentTest
[SWAT], US Gypsum, Plaster Cig, California.

As part of the SWAT, ten (10) soil borings were drilled in the landfill to a maximum depth of
53 feet. The soil borings indicate that the landfill is underlain by Older Alluvium (Qc) then the
Palm Spring Formation (Pcp). Older Alluvium consists of poorly sorted, semi-consolidated
silts, sands and gravel. The Palm Spring Formation underlies the Older Alluvium and is
composed of a thick sequence of weakly to moderately consolidated interbedded light gray
non-marine arkosic sandstone, fine-grained light brown sand and reddish clay.

During a November 1987 earthquake, a NE trending left lateral fault was discovered
approximately 3,300 feet NW of Plaster City. Based on mapping (USGS 2006), this appears to
be related to the Yuha Wells fault. There are no historic earthquakes having a magnitude (M)
greater than 5.5 related to this fault (CDMG 2000). Faults in the vicinity of Plaster City, which
are related to historic earthquakes with M greater than 5.5, include the Superstition Mountain
Fault (10 miles NE) and Superstition Hills Fault (13.5 miles NE) of the San Jacinto Fault Zone,
and the Coyote Mountain Section (10 miles E) of the Elsinore Fault Zone. These locations are
presented on Figure L of the Appendix.
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C. Subsurface Conditions
Subsurface conditions at the landfill were investigated by completing ten soil borings to
depths up to 53 feet below ground surface (ft, bgs). Landfill surface elevations at the time of
soil boring drilling ranged from about 106 ft to 116 ft.

Samples from the borings were obtained in general accordance with the Standard Penetration
Test (ASTM D 1586). The SPT consists of driving a sampler into the bottom of the boring with
a L40 pound weight free falling 30 inches. The number of blows required to drive the sampler
1"8 inches through three,6-inch increments is recorded on the field logs. The SPT Resistance,
or N-value, is the number of blows required to drive the sampler from 6 to 18 inches. The N-
value provides a means for evaluating the relative density or compacbress of cohesionless
(granular) soil and consistenry or stiffness of cohesive (fine-grained) soil. \Alhen the
penetration resistance exceeded 50 blows for 6 inches or less of penetratioru the test was
stopped and the number of blows and corresponding penetration was recorded.

1. Soilsfl{aste
In generaf the borings encountered Gypsum Landfill materials overlying older alluvium (Qc)
then the Palm Spring Formation (Pcp). The landfill materials were described as a mixture of
gyPsum wallboard, stucco, powder and sand. These materials were classified as medium
dense to dense based on SPT N-values, and described as being dry. Gypsum waste thickness
ranged up to about 15 feet, with an average of about L2 feet. Based on a recent survey, the
waste thickness averages about 30 feet, with a maximum of about 40 feet. The underlying
native soils - Alluvium and Palm Spring Formation were described as dense to very dense,
fine grained sand, with interlayers of stiff clay.

2. Groundwater
The regional groundwater is at about Elev. 0 (AGI 1988), or approximately 125+ feet below
the current landfill surface. Groundwater measurements were made in two monitor wells on
the site. These wells indicated that the groundwater elevation varied from about Elev. 50 in
the SE area of the landfill to Elev. 20 in the NW.

3. Liquefaction Potential
Due to the relatively dense soil conditions and deep groundwater, the site is not considered
prone to liquefaction during an earthquake.
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D. Methodology
L. Soil Shength Parameters
Soil strength parameters were obtained using correlations of the SPT N-values. Average N-
values for three landfill sample depths were used; the calculations are shown on Figure 2 of
the Appendix. The values used for the analysis are shown in Table L; these are considered to
be conservative values.

Table 1. Material Properties for Slope Stability Analyses

MaterialType Total Unit Weight 6r
(pcO

Gohesion, G'
(psf)

Effective Friction
Angle, {'

LandfillMaterial 105

Native Sand (Qc /Pcp) 38115

2. Design Earthquake
CIWMB requires that the Maximum Probable Earthquake (MPE) be used as the design
earthquake for stability analysis of Class III landfills. The MPE equates to L0 percent (%)
probability of exceedance in 50 years. Peak ground acceleration (PGA) was determined from
the U.S. Geological Survey (USGS 2005). Based on the USGS data, a PGA with a10o/o chance of
exceedance in 50 years is equal to 42% of the acceleration due to gravity Q.azg). The USGS
data is based on historic earthquake location and magnitude as they relate to the Plaster City
site.

3. Stability Analysis
A critical cross section was created using the current site survey map and the subsurface data.
The cross section and its location are attached on Figures 3 and 4. The stability analysis was
conducted using the Spencer method with the computer programSLOPE/W (Geo-Slope,
2004). SLOPE/W performs a search routine to find the most critical slip surface.

The analyses were performed for both static and seismic cases. The seismic stability of the
slope was evaluated for the design ground acceleration using the pseudostatic method. br this
method the effect of an earthquake force is added to the analysis and is represented as a static
force equal to the mass of the slide times a seismic coefficient. The seismic coefficient is
general$ one-half (0.5) the peak ground acceleration (USACE 2003). For this case, the seismic
coefficient (Kr.,) was taken as 0.2L. Due to the minimal probability of liquefactioru the strength
of the landfill material was not reduced in the pseudostatic analyses.
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E. Results
The results of the stabihty analyses are presented on Figures 5 and 6 in the Appendix and
summarized on Table 2.

Table 2. Summary of Slope Stability Analyses

Cross Section Minimum FS

1 - Static 4.4O

1 - Seismic 1.86

F. Conclusions
Based on the stability analysis conducted, the proposed cover slopes will have adequate
factors of safety under static and seismic loading conforming to CIWMB criteria.
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Appendix C.2-l
1. Regional Fault Map

2. Stability Cross Section Location

3. Stability Cross Section

4. SPT N-value Correlations

5. Stability Analysis -- Static

6. Stability Analysis - Seismic
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CDM
Geotechnical Engineering Laboratory

Hydraulic Conductivity Using Flexible WallPermeameter (ASTM D5084)

Client: USG Tested by: MAL
Project Name: Plaster City Waste Pile Checked by: JTS
Project Location: CA Start Test Date: 1012412006

Permeant Fluid: DffiA waier
sample Preparatiorf-
Procedures: Sa1plgggrnpacted to 95%

Project Number: 19921-54112
Sample Number: Grayely Sand #1

Sample Location: Gravelly Sand
Depth (ft):
Lab l.D. Number:

N/A standard Proctor density.
N/A

Sample Description: Brown gravelly sand, trace silt
Test Type: aqryleqlfleed (Method A)

Comments:

Hydraulic Conductivity at 20 oC = 4.4E-05 cm/sec

iample Characteristics lnitial Final
\vq. lenqth of specimen fin) 6.65 6.65
\vq. dia. of specimen fin) 2.63 2.63
\rea (sq in) 5.41 5.44
y'olume (cubic in) 35.97 36.21
Vloist mass (q) 1224.7 1244.1
Moist unit weiqht (pcfl 129.7 130.9
Vloisture content (%) 9.3 '|1.1
)rv densitv (pc0 1 18.6 117.9

Specifi c gravity (assumed) 2.80 2.80
Void ratio 0.47 0.48

fest Soecifications
l-Value (%): 91.0
lonsolidation stress (osil : 3.1

Sradient (in/in): 9.6
lell Dressure (osi): 3.1

lead Dressure fDsi): 2.3

lailoressure (osil: 0.0
vlax effective stress (psi): 3.1

vlin effective stress (psi): 0.8

Hydraulic Conductivity
vs Time

ooq
E

F
E
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e
E
T'
I

1.0E-0s

051015202s30354045
Time (minutes)



CDM

Geotechnical Engineering Laboratory

Hydraulic conductivity using Flexible watl Permeameter (ASTM D5084)

Client:
Project Name:
Proiect Location:
Project Number:
Sample Number:
Sample Location:
Depth (ft):
Lab l.D. Number:
Sample Description:
Test Type:

USG Tested by:

Checked by:

Start Test Date:

MAL

Plaster City Waste Pile JTS

CA 1 0/1 9/2006

19921-54112 Permeant Fluid: De-aired water

BULK #1 Sample PreParation

Silty Sand Procedures: Sample compacted to 91%

standard Proctor densitY.N/A
N/A

Liqht brown, silty fine SAND (SM)

Constant Head (lvlellp4 3L

Comments:

Hydrautic ConductivitY at 20 oC 
= 2.0E-05 cm/sec

S amole Ch aracteristics lnitial Final

\vo. lenqth of sPecimen (in) 6.44 6.44

{vo. dia. of specimen (in) 2.64 2.64

Area (so in) 5.47 5.47
y'olume (cubic in) 35.23 35.23

Voist mass (q) 1082.3 1114.6

r4oist unit weiqht (Pcf) 117.0 120.5

Moisture content (%) 15.9 19.8

)ry density (pcf) 101.0 100.6

Soecific oravitv (assumed) 2.70 2.70

,/oid ratio 0.67 0.68

lest Specifications
l-Value (%): NR

lonsolidation stress (psi): 7.1

3radient (infin): vaflec

)ell oressure (Psi): 6.3

rlead oressure (psi): varied

lail oressure (Psi): 0.7

Max effective stress (Psi): D.O

Mlin etfective stress (Psi): 41

Hydraulic ConductivitY
vs Time
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CDM

Geotechnical Engineering Laboratory

Hydraulic conductivity using Flexible wall Permeameter (ASTM D5084)

Client:
Project Name:
Project Location:
Project Number:
Sample Number:
Sample Location:
Depth (ft):
Lab l.D. Number:
Sample Description:
Test Type:

USG Tested by:

Checked by:
Start Test Date:

MAL

-_-JTs-Plaster City Waste Pile
CA 1 0/1 9/2006

19921-54112 Permeant Fluid: De-aired water

Waste #1 Sample Preparation
Gypsum Waste Pile Procedures: Sample compacted to 88%

standard Proctor densitY.N/A
N/A

Crushed gypsum wall board
Constant Head (Method A)

Sample Characteristics lnitial Final

{vq. lenqth of sPecimen (in) 6.6 5 o.oc

Avq. dia. of specimen (in) 2.64 2.6'4

\rea (sq in) s.47 5.47

/olume (cubic in) 36.38 36.38

Voist mass (q) 655.9 386.5

vloist unit weiqht (pcO 68.7 40.5
Vloisture content (%) 51 .9 91.1

)ry density (pcf) 45.2 21.2

Soecific oravitv (assumed) 2.80 2.80

/oid ratio 2.87 7.25

Comments: Some large voids in sample due to compacting method.

Hydraulic ConductivitY at 20 oC 
= 2.0E-07 cm/sec

solidation stress (psi):

Hydraulic Conductivity
vs Time
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Wash 200(ASTM D-1140)

'cnt6 gEy bq$ mly
.sffic! suc suptc ud terc forwh ud siwc

PrcjcaNuc: USG

PrcjrctNMbd: 1992-

Tmf:
Trrc Wt.

WL Of Wct + Trc
wl. Of Dry + Trdbcforc rvrh)

wr. Ofwrrd
Wl Of Dry

NaL Mois@ Contmt

Ds: lult^)6
Pcrfmcd By: MKM

Drrc Rrvidcd: | +Od
RcviwcdBy:-fu-

Afrcr Proctor

:4.t!SireE-Wlth
27.0 96.9E
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Trrc Wt
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I,AA USE ONLY
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Grain Sizc Anatysis Calcutation Chcck (ASTIVI D 427n 1t1.0)
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Optimum Moisture Content [%]:

Mold Size:

54.5
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4 inch
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Depth (ft):
Sample Date:
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/ /2006
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Insufficient sample to complete 5th
point.

Compaction Test
ASTM D698

Figure 5
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SOIL CI-ASSIFICATION LEGEN D

MAJOR DIVISIONS TYPICAI NAII'|ES SAMPLE TYPE SYMBOLS

I Distubed bag or lar samPte

I std. Penebation T€st (2.0'oD)

E Tyge U Ring SamPhr (3.25'Oo)

E Ca0fornia Sanrpler (3.0'Oo)

m Undlsrutbed Tub€ samPl€

E Grab sample

t] core Run

i lA l.lon-standard Pon€tration Tost
I lrl (wlth splt spoon samPler)

t E Butksamph

3o-n &r,
9Ee
I .s'6
iiF
6E:
HTF
{g=oo

GRAVELS

More lhan hall
coers. fradion
i6 larg€r lhan

No. 4 sleva size

ewl:i: W6ll gradcd 9Rvels. gBv€l.s.rd mirtufes

littte or no nnee
GP .l Poorly 0ndcd gnvels, gravcl.send rixlutes

Gravelwilh
ovcr l?6 ftnas

GM Silty gavelr, gnvel-$(d.sllt mixtLrct

GC Clayey gr.vol3, gray.l-s.ndctay,nldu.!!

SANOS

More llpn half
coarse fradim
is srnaller lhan

No. 4 sleve size

O€an sands \dh
ltth o( no nnes

sw Well gradad lerds, gravolly sendg

SP
.,: 

"' Poorly grsdcd ssnds. gavelly sands

Sands with
over 1?/o linos

SM Sllty sand, 3rnd.sllt midur!!

SC Claycy ssr$s, s.rd{lay mixlunE

3r

t$sr;j
f9t=

H$'

SILTS AND CI-A,YS

Uquid limit loss than 50

ML !isf"i1h'1!.if Iis"{,frr'ilf *,tr.hgfi"fi 
"T,yds

CL ,4, lnorsanic clavs of loa/ to tncdium pltglicily, grav€lly
chyi. sandyi:lrys. tilty days, lean clsyt

OL Orgrnlc clayr .nd o.grntc sllty cteys of lo,, dastlclty CONTACT BETWEEN UNITS

Changa ln geolcgic unlt

Soll t14e clungo within
o€ologlc unit

Obscr.re or gcadatlonal ctEngo

SILTS AND CLAYS

Liquid limll oroaler lhan 50

MH lJlnp$E.rj't""t,*ngcour or diabmaccous nrio sandv or

CH 7 trnqantc clays of hlgh dasucity. fat clays

OH Orgadc ctayr o[ rmdium o ]lgh plastlclty, orgat{c silts

MOISTURE DESCRIPTION

Dry - Frec of nristuto. dusty

Moisl - Damo but no visiblo
lr6c r.at6f

W€t - MsiH6 tre€ walor, saturated

WELL
COMPLETIONS

Conca.l. S.rl
Well Ceslng

E nlonlt.rcrout Scal

Groundwrt.t L.v.l

Slotted Well Crtlng

Sand Becmll

lmoermeable Brcklltl
or ilrnlonltrlGroutad

HIGHLYORGANIC SOILS PT |l " " I PeBt strd oul.r hlgNy omanic lollr

E-rRrc)

STRUCTURE DES CRIPTJ9N (cont.)

Fractured Broaks easily along dalinito lnctured planes

Slickenslded Pollshed,gtossy.fraclur€dplanos
Bloclry, Diced Br€aks oasily lnto small angular lumps

Sheared Dtsturbsd texture, mlx of strengths

Homogenous Samo color and apP€arance lhroughout

SPT N.VALUE

Notes:

t. Samplo doscriptions In ltis reporl are based on visuel lield snd hboratory obs€Nalims. wtrirch lndude

densiflbnsistenry, dxistu(e cordition, grain slza, and phsticity eslinutss, and shouH not bo conslrued to

imply ia6 or laborilory lssling unloss presented trercin. Msual-rnanualdassifrcation meltods in

accordance *ith ISTM O 2,m8 v€re usod as an ldsntilicatioo guide. WhorB taboratory dala gre avallable,

mil dassilicauoos are in g€neral accotdancd wlth ASTM o 2487.

2. Duat symbols are used to Indlcale gravel and sarld unlls wilh 5 to 12 I
percanl lines. I

PHYSICAL PROPERTYTEST
AL - Atterborg Llmlts
FC - Finos ContEnt

GSD - Graln Size Dlsttlbution
MC . l'iloisture Content
i\,i6 - Molstura ConlanuDry DBnsitY

lomo - Compecuon Tost (Proctor)
SG - SDecinc Gravlty

cBR - calilornla Beailng Ratio
RM - Rosilient Modulus

Perm - PermsabiliV
TXP - Triaxial Permeabllity

Cons - Cmsolidallon
ChCm - AnaWcal Chemical AnalYsis

Corr - Conoslon
VS - Vane Shsal
DS - Dlrect Strar
UC - Unconllned Compr€tslon
ii - Tdaxlal Cornoresiion
UU - Unconsolidated, Undrain€d

| 6U - Consolidated, Undralned
I CD - Cmsolldated, Dralned

3. WOR=Yrelghtor.od.

CDM

USG
Plaster City

- Plaster CitY, California

Project No: 19921.38072 Figure: A-1

DESCRIPTORS FOR SOIL STRATAAI'ID STRUCTURE SH/M

o€so.='FO

=86(,)
EEo(,

Parrins: ti'; Jgl' 
utu 

'^.

seam: i{l88lftlt"r
Lay€r l{1H l"tlt',o *r
Sltatum: > 12 h. (3O tr2 cm)

Scattered: < 1 pcr tL (3o 1/2 cnl

Nurrerws: > 1 Pcr lL (xl lr2 cmt

o
f
u,
o

Pocket Eratic. discon0mus
dsFslt of limil€d
rncnt

Lens: LonllculatdePqct

VaNod: Altcmellm sasnn
ot 3llt end cl.Y

Lstnlnat€d: AlbmatirE !e.ms
I

I Intarhedded; AjtcrnatinC layc6

o

n
0c
0o

Nearhotizonlat 0 lo l0 dag.

Lo,v angle: l0 lo't5 deg.

l'ligh anglo: 15 b 80 d.C.

N6ar V6rticat to to g0 d6g.

TIVE DENSITY OR CONSISTENCY

COARSE GRAINED FINE GRAINED

tlonsity N (blt 6/ft) Approx, Relalivg
han:itv /oll

Conslstoncy N (b'lo'r't/tl) Approx. Undrained
ck' qlr /^cl\

V6ry Loos€

Loos€

Medium Oense

Dens€

Very Dense

0to4

4to10

10 to 30

30 to 50

Ov6.50

o-15
15-35
35.65
85.E5
65 - 100

Very Soft

Soft

Medium Stifl

srir

Vory Stiff

ftard

0to2

2to4
4toE

8to15

t5 to 30

over 30

<250

250 - 500

500 - 1000

't000 - 2000

2000 - 4000

>4000



Test Pit TP-1

DESCRIPTION

LIGHT BROWN SILTY SAI.TD

Test pit termlnaLed at 9 fl bgs.

Date Complaled: $29'04 ,

Logged By: CJL

USG
Plaster CitY

Plaster City, California

Test Pit TP-1 Figure: A-2

No: 19921 .38072 1 of 1



gi,

aI
s *

='

0
a,

E
d
o,o

o
d
ao

E
E
UI

Test Pit TP-z

DESCRIPTION

g
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I
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L|GHT BROWN SILW SAND (S
Medium dense, dry finegnlned.

Becomes dense. slightly camented.

Becomes yellowish-brown/rustY.

Becomes light brown.

Becomes densa.

"l
IJ

l
16-l

I

Ir']

l-'l
I

at 14 bgs.esl pll

Date Completed: &2904
Logged B),:JIlt

Localion: See Slte Plan

CDM

USG
Plaster City

Plaster City, California

Test Pit TP-2 Figure: A-3
Proiect No: 19921.38072 1 of 1



Test Pit TP-3

DESCRIPTION

Medium dense, dry, fine- lo finegralned gravel, with trace silt.

SANO (SM)
Oense, dry. fine€rained. slighlly cemented.

Locatlon: See Slle Plan Date Completed: 6'29'04

USG
Plaster City

Plaster City, California

Test Pit TP-3 Figure: A-4
Proiect No: 19921.38072 1 of 1
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Test Pit TP-4

DESCRIPTION

Medium dense, dry, ftne- lo coarse.grained, fina{ralned gravel.

LIGHT BROWN SILTY SANO

Test pit terminated at

USG
Plaster City

Plaster City, California

Test Pit TP-4 Figure: A-5

Proiect No: 19921.38072 1 of 1



Test Pit TP-s

DESCRIPTION

Medium dense, dry, fine- lo medium{ralned, with trace fine€rained gravel.

Becomes line-grained wilh no gravel.

Test pll leminated at l3 tt bgs.

Locauon: See Site Plan Date Completed: &'29-0'f

surface Elevatton: Logged BY: cJL

USG
Plaster City

Plaster City, California

Test Pit TP-S Figure: A-6

Proiect No: 19921.38072 1 of 1



Test Pit TP-6

DESCRIPTION

LIGHT BROWN GMVELLY SAND (SW)
Msdium dense, dry, fine- lo coarsegralned, line-grained gravel, interbedded wilh
bro!'/n day, metllum stlff. molst.

Dense, dry, line'grained, sllghUy cemented.

Location: oate ComPletedl S2$O4

Surlace ElevaUonl Logged Blt CJL ,

USG
Plaster CitY

Plaster City, California

Test Pit TP-6 Figure: A-7
Proiect No: 19921.38072 1 of 1
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Test Pit TP-7

OESCRIPTION

a
al
.c

J
l
U

,il
BROWNISH YELLOW GMVELLY SANO (SW)
Medlum dense, dry. line- lo coarse-grained, ltnegrained gravel.

BROWN CLAY (CL)
Stiff, moist.

4

o

I

l0

12

14

16

18

Ci6itT 6'ft WF- sr-FiSAno-ts-Ml - - -
Dense, dry, frnegralned. slightly cemented.

'est plt at 13 ft bgs.

0-:
|r|F

Localion: See Slte Plao Date Completed: S29-04

Surface ElevaUon: Loggod B!,: CJL

CDNJI

USG
Plaster City

Plaster City, California

Test Pit TP-7 Figure: A-8
Proiect No: 19921.38072 1 of 1
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Test Pit TP-B

DESCRIPTION

l
at

o
0lv

I

I'l
I

I

I

l
II

J
I

J
I

I

z

4

6

I

-i

l

t0

12 -

14

16

18-

Loose. dry, fine. to with lrace fine gravel,

LrGHr BROWN SILW SAND (S
Medium dense, dry, finejrained.

Test al 13 n bgs.

Locatlon: See Sile Plan Date Gompletecl: G'30-04
Surface Eleva|lon: Logged By: CJL

clil/l

USG
Plaster City

Plaster City, Californla

Test Pit TP-8 Figure: A-9
Proiect No: 19921.38072 1 of 1
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Test Pit TP-9

DESCRIPTION

o
.9

0
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I

i
I
I

1,l
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l
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,a]

l
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16-

18-

illl BROWNTSH YELLOVV SAND (SW)
Loose, dry fine- to coarsegralned, wih lrace gravel.

LrGr-rT BROWN STLTY SAND (SM)
Dense. dry, line4rained, slighUy cemented.

Test pit termlnated at l3 n bgs.

t
u
F

Locatlon: See Slte Plan Date Comploled:_-&,!0-94
Surface Logged By: CJL

cDtvr

USG
Plaster City

Plaster City, California

Test Pit TP-9 Figure: A-10
Proiect No: 19921 .38072 1 of 1



Test Pit TP-10

DESCRIPTION

Loose, dry, fine. to medlum-grained.

--fnn-r-aFdv-r.rtilY(cLi
V€ry stlff, molst,

termlnated at 13 ft bgs,

Location: See Slte Plan Date Compleled: S30'04

Surface Elevauon: Logged BY: CJL

USG
Plaster City

Plaster City, California

Test Pit TP-10 Figure: A-11
No: 19921.38072 1 of 1
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Test Pit TP-1 1

OESCRIPTION

o
a,

o
UI

I

2 Ji}.i..,t

i :'.:::

..:;:i

r:.. i,::

.i:' .l

:. i.":

4

o .::: :
i..?.
,. i:.i
i,!: i

\,.!. :

:..,'.:
r..::':

8

10
rl:;;.:.
;.:..1:

LIGHT BROWN SILTY
Loose, dry, ftne- to met wilh trac6 fine-grained gravet,

BROWNISH YELLOW GMVELLY SANO (SW}
Oense, dry, tine- lo medium{ralned, linegrained gravel, slightly cemented, with
lrace sllt.

1Z

14

16

1E

LIGHT BROWN SILTY SAND (SM}
Dense, dry, linegralned, sllghtly cementecl.

at 14 ft bgs.

Locallon: See Slte Plan DateCompleted: 6.30.04
Logged By: CJLSurface

cDwl

USG
Plaster City

Plaster City, California

Test Pit TP-l1 Figure: A-12
Proiect No: 19921.38072 1 of 1
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Test Pit TP-12

DESCRIPTION
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L|GHT BROWN SILTY SAND (SM)
Medlum dense, dry. 0nejrained, slighlly comented.

Becomes denso.

Becomes medlum dense.

Test pil termlnated at 12 ft bgs.

o
UI

o.

BI
F

E

F6t!

Locatlon: Dale Completed: S30-01

Logged By: CJL

CDTVI

USG
Plaster City

Plaster City, California

Test Pit TP-12 Figure: A-13
Proiect No: 19921.38072 1 of 1
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Test Pit TP-13

DESCRlPTION

Medlum dense, clry, line- lo coarsegralned, fine- lo coarse€ralned gravel.

USG
Plaster City

Plaster City, California

Test Pit TP-13 Figure: A'14
ct No: 19921.38072 1 of 1



b9
6ir*

eeg
elt, tt

t
E
a
oo

o
d
E
o6

E
E.o

Test Pit TP-14

DESCRIPTION
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BROWNISH YELTOW GMVELLY SAND (SW)
Dense, dry, fine- lo coarseArained, finograined gravel.

Wlth trace cobbles.

Tesl plt termlnated al l3 ft bgs.

Loca[on: See Slte Plan Date Completed:__839{4
Surface Logged By: CJL

CDIJI

USG
Plaster City

Plaster City, California

Test Pit TP-14 Figure: A-15
Proiect No: 19921.38072 1 of 1



Test Pit TP-15

DESCRIPTION

Medium dense, dry, fine- lo coarse-gralned, finegrained gtavel.

LIGHT BROWN SILTY SAND (SM)
Dense, dry, line-gtained, sllghUy cemanled'

Test pit termlnated at 13

USG
Plaster City

Plaster City, California

Test Pit TP-15 Figure: A-16
ect No: 19921 ,38072 1 of 1
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Test Pit TP-16

DESCRIPTION
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LIGHT BROWN SILTY SAND (SM)
Medium dense, dry. fine- lo medium4rained wlth trace gravel.

Becomes slightly cernented.

Larga cobbles present (12').

Test pit termlnaled at 9 ft bgs.

LocaUon: See Site Plan Dale Gompleted: S.30O4

Surface Logoed By: GJL

clx\tl

USG
Plaster City

Plaster City, California

Test Pit TP-16 Figure: A-17
Proiect No: 19921 .38072 1 of 1
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Test Pit TP-17

DESCRIPTION
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Medlum dense, <lry, line. lo coarsegrained: find{rained gravel.

LrGHT BRowN sturyseno (sl,t)
Dense, dry, fine-grained, slightiy cemented.

oARK BROWN CLAY (CL)
Stiff, molst.

I

Locatloni See Site Plan Date Gompleted: F29-04
Logged By: CJL

cDil/l
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Plaster City

Plaster City, California

Test Pit TP-17 Figure: A-18
Proiect No: 19921 .38072 1 of 1
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Test Pit TP-18

DESCRIPTION
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BROWNISH YELLOW GRAVELLY SAND (SW)
Medium dense, dry, fine. to coarse-gralned, line-gralned gravel. wilh lrace sill.

LIGHT BROWN SILTY S

Dense, dry, fine{ralned, c6mented.

Tosl plt terminaled at 15 ft bgs.

e
=l!
F

Locatlon: See Site Plan Date Completed: S2$04
Logged By:Surface

cDwl

USG
Plaster City

Plaster City, California

Test Pit TP-18 Figure: A-19
Proiect No: 19921.38072 1 of 1



Test Pit TP-19

DESCR]PTION

Medium dense, dry, fine- to coarse-grained, line. lo coarse.grained gravel. with
ttace cobblos, sllghtly cemenled.

oARK BROWN C[-AY (CL)

Test plt terminated at 13 ft

Locallon; See Slte Plan Date Cornpleted: S30-04

USG
Plaster City

Plaster City, California

Test Pit TP-19 Figure: A-20
No: 19921.38072 1 of 1



Ptaster"''''ilyZ',XL"",'0t3"?ff 
f:i?h!l:E:::::{'r",4

3.4 Closure Design
The closure cover design complies with the applicable requirements of Title 27 CCR. The

design grading, cover system, and supporting engineering analyses are sununarized in the

following sections.

3.4.7 Grading Plan
The IWP consists primariiy of gypsum waste materiai that when compacted to 88% of

standard proctor density has a hydraulic conductivity of 2 x 10-7 cm/ sec. Differential
settlement or consolidation of the gypsum waste material is expected to be negligible at the

site. The existing waste pile has two distinct "decks". The upper " deck" is located in the

north central part of the waste pile and has elevations ranging from 130 to 136 ft. The lower
"deck" occupies a significant portion of the waste pile and contains elevations from LLO to

1,20 ft.

A majority of the existing sideslopes are flatter than approximately 5H: 1V (horizontal to

vertical).

The design of the Final Grading Plan is based on the following criteria:

. Regrade the existing waste material to achieve a minimum grade of '1,% for the upper

and lower decks of the waste pile. Approximately 7,452 cy of material needs to be

relocated to achieve L% minimum grades.

. Installation of diversion berms at the interface of the 1% " deck" grades, and the 5

horizontal to 1 vertical grades to intercept and divert major storm event flows to t'ip-

rap downdrain strucfures.

. Installation of perimeter drainage channels to convey stormwater away from the site.

' Final grade the existing sideslopes to a maximum 5 horizontal to 1 vertical.

Tit\e 27 Section 21090.8.1.b allows poltion of the final cover to be built with grades less than

three percent if the discharger proposes an effective system for diverting surface drainage

from laterally-adjacent areas and preventing ponding in the flatter desk areas. The waste

Pile will be graded to a minimurnl.% grade to prevent ponding and to promote stormwater

run-off from the waste pile alea. The final cover system includes a rock armoling layer that

will minimize wind and stormwater erosion of the final cover system. It is anticipated that

under normal rainJall events, little or no run-off is expected at the site due to absorption of

stormwater into the rock armoring layer. The drainage control system includes diversion

berms, rip-rap down drain structures, and a series of perimeter drainage channels designed

to minimize erosion for the 100 year-6 hour stormwater event. The 100 year-6 hour

stormwater event was selected to model intense rain storms that the area experiences and to

calculate stormwater runoff velocities.

CDIVI
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Plaster City Ineft Waste f ISG Corporation, Plaster City, CA
Final Closure and Post-Closure Maintenance Plan

Differential settlement of the final capping system will not be significant due to the

geotechnical engineering properties of the gypsum material. Laboratory testing determined
that when compacted, gypsum material compacts to a standard proctor density of 88% and

exhibits a hydraulic conductivity of 2x10-7 cm/sec. It is anticipated that stormwatel
ponding will be limited at the site.

See Appendix B for the Final Grading Plan and Stormwater Management System Details.

3.4.2 Closure Cover System

The proposed engineered alternative cover system included in this Final Closure Plan (FCP)

consists of the following cover components from top to bottom as depicted in Figure 5.

Rock Armoring (Erosion Resistant Layer): The top layer of the final cover system will be

comprised of a 2-inch to 3-inch thick rock layer for the upper and lower " decK' areas, and a

3-inch to 4-inch thick rock layer for waste pile sideslopes. Prior to placement of the rock
armoring layer, native seed mix will be applied.

Onsite Material (Low Hydraulic Conductivity Layer): This layer consists of L8 inches of
compacted native material with a hydraulic conductivity value of.2x L0-s cm/sec. Since the

foundation layer consisting of recompacted gypsum with a hydraulic conductivity of 2x10-7
cm/sec is highly impermeable, onsite soil with a K value of 2 x 10-s cm/sec is used for the

low hydraulic conductivity layer. The layer will be vegetated with the following native seed

mix:

Proposed Native Seed Mix

Species Lbs/Acre

Aristida ourpurea 2.0
Baileva multiradiata 2.O

Bouteloua oracilis 6.0
Eschscholzia mexicana 2.0
Atriplex canescens 6.0
Lasthenia califomica 1.0

Lupinus bicolor 2.0
Poa secunda 3.0
Phacelia camoanularia 2.0
Salvia columbariae 1.0

Encelia farinosa 4.0
Hordeum depressum 3.0
Vulpia octoflora 2.O

Larrea tridentata 4.0

Total Lbs/Acre 40.0

Gypsum Layer (Foundation Layer): The base cover system is comprised of a 6-inch thick
gypsum layer recompacted to90% standard proctor density with a hydraulic conductivity of
2x10-7 cm/sec.

See Appendix C.4 for gypsum and proposed cover material geotechnical inJormation.

cDltJl
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3.4.3 Settlement
The IWP, consisting primarily of gypsum, will not experience significant settlement or

consolidation af ter closure.

3.4.4 Infiltration
One of the primary purposes of the cover system is to minimize infiltration into the

underlyinggypsum pile. The WinUnsat-H model was used to evaluate the relative

infiltration p.rlotrn*ce of the prescriptive cover and engineered altemate covet system. The

WinUnsat-H model computes the water balance of the cover system taking into account

precipitation, evaporation, soil storage and percolation'

The analysis was conducted using precipitation data for El Centro, Califomia. Rainfall data

for the wettest L0-year period on record was used for model simulation. The average annual

rairrfall in the area during this period (1989 - L998) was 4.8 inches'

The prescriptive cover system used for evaluation is based on the requirements listed in the

Tltle2T,section 21090 (a) (f-3). The cover layer is assumed to consist of the following
components from bottom to top:

1. A two-foot foundation layer consisting of onsite soil with a K value of 2 x L0-s cm/ sec.

2. A one-foot low hydraulic conductivity layer with a K value of L x L0-5 cm/sec.

3. A one-foot thick mechanically erosion-resistant layer of cobbles.

As described in section 3.4.2, the alternative cover-system that was used in the rnodel

evaluation consists of the following components:

1. A 6-inch thick foundation layer consisting of gypsum recompacted to 90% standard

proctor density and a K value of 2 x 10-7 cm/sec.

2. An L8-inch thick layer of onsite soil with a K value of 2 x 10-s cm/sec.

3. A two to three inch thick mechanicaliy erosion-resistant rock layer.

For modeling pul.poses, plants or vegetation are assumed to be absent in the simulation for

both the prescribed and alternate covers. Also, the mechanically erosion-resistant rock layers

(with a high hydraulic conductivity) were not included in the infilh'ation analysis.

Simulation results for the period are listed in Table 3.

Table 3
lnfiltration Evaluation

cDn/l
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Cover
Average Annual Precipitation over
the 10 Wettest Year Period (inches)

TotalAnnual Drainage
through Cover (cm)

TotalAnnual Drainage
though Cover (inches)

Prescriotive 4.75 1.88 0.74

Alternate 4.75 1.67 0.66
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Based on the modeling results, the engineered alternate cover will have lower drainage

through the foundation layer than the prescriptive cover'

See Appendix C.1 for the WinUnsat-H model results.

3.4.5 Stability
The stability of the Plaster City Gypsum Landfill cover was evaluated as part of the design

for the final cover of the landfill. The analysis was conducted in accordance with CIWMB

requirements as noted in CCR Section 21750 (f) (5) Stability Analysis. The Stability Analysis

is included in AppendixC.2. The results of the analysis indicate that the proposed cover

slopes will have adequate factors of safety under static (minimum FS of 4.40) and seismic

(1.56) loading.

3.4.6 Erosion
The rock armoring layer will significantly minimize soil erosion from the final capping

system. The rip-rap down drain structures will provide an additional level of erosion control

during severe storm events.

3.4.7 Drainage
Closure drainage controls consist of a series of stormwater control features to efficiently

convey stormwater off and away from the waste pile. A series of diversion berms/drainage

swales will direct stormwater sheet flow off of the upper and lower decks of the waste pile to

riprap lined downd.rains. A perimeter drainage channel will be constructed to collect flow

from downdrains and other slopes and divert major stormwater flows away from the site.

Due to the rock armoring layer and limited rainfall at the site, stormwater run-off frorn the

waste pile wi1lbe limited to major storm events. The stormwater control stluctures are

designed to withstand a 100 year-24hour storm event. For normal precipitation events, the

rocklr*oring and native soil layers will absorb a majority of the stormwater and discharge

from the *urt" pile is not anticipated. A stormwater and hydrology analysis is included in

Appendix C.3.

3.5 Construction Documents and CQA
Final construction documents will be prepared and submitted at least 60 days prior to

closure. A registered Civil Engineer or Certified Engineering Geologist in the State of

California will supervise the preparation of final construction drawings, specifications, and a

construction quality assurance plan. Appendix D includes a Construction Quality Assurance

(CQA) Pian that addlesses the closure design described in the Final Closure Plan. This plan

may be modified during the preparation of the final closure documents to address final

construction plans.

CQA will be implemented during closure to verify that the construction complies with
approved construction drawings, specifications, and the CQA Plan. The CQA activities will
be completed under the supervision of a Registered Civil Engineer or Certified Engineering

Geologist in the State of Califomia as required by Title 27 CCR'

clxtJl
W119921 us gypsum\54'112\closure document.doc

18


